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INTRODUCTORY NOTE 

<^+:^> 

Comparatively few persons, now-a-days, make any stay in Cairo, without 
paying a visit to the great Barrage. Picturesquely situated at the apex of the 
Delta, and separated from one another by an avenue of magnificent acacias, 
the two regulating dams with their long lines of arches reflected in the water, 
and their graceful towers, standing out in strong relief against the sky, combine 
to form a striking and beautiful picture, and one not readily to be forgotten. 

When it is considered, moreover, that this structure forms the centre 
from which the great irrigation system of Lower Egypt is directed and 
controlled, and that upon its existence depend the fertility of over two millions 
of acres, and the water supply of several millions of human beings and cattle, 
it is little wonder that it should form an object of interest to the visitor, rivalled 
only in importance by the Pyramids, the Sphinx and the Giseh Museum. 

Major Brown has thought that a short account of the origin and 
construction of this work would meet a much felt want, and enable those, 
possessing no technical knowledge of the subject, to appreciate the long and 
arduous struggle which its completion has entailed, between the trained energy 
of man and the forces of the great river, with its immense volume of water, 
its powerful springs and its shifting sandy bed. 

Major Brown possesses special qualifications for the task which he 
has undertaken. As Inspector General of Irrigation in Lower Egypt, the 
regulation and supervision of the Barrage are in his hands. As a writer upon 
scientific questions he has already acquired a reputation, to which several 
papers, printed by the Royal Engineers Institute, can testify. He is, moreover 
the author of the work entitled "The Fayum and Lake Mceris^', well known 
to those interested in subjects connected with Egypt 
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In the present instance he has, I consider, achieved success. He tells 
his story .so gr^^phically and clearly as to render it easy of comprehension 
even to persons unacquainted with the rudiments of Hydraulic Engineering. He 
has an interesting history to relate. His narrative more especially throws a light 
upon the manner in which vast projects were undertaken and carried out in 
Egypt during the earlier portion of the present century. 

His account of the impatient Viceroy (Mehemet Ali), who directed the 
demolition of the Ghiseh pyramids in order to furnish stone for the works, and 
who further commanded that a given quantity of material should, whether 
required or not, be put daily into the foundations, proves how absolutely the 
engineers of that period were subject to the caprice of the ruler of the country* 
Stories of this kind would be amusing, did we not know that such actions 
played their share in building up the heavy burden of indebtedness, under 
which Egypt at the present moment labours. 

Originating with Napoleon L, the idea of regulating the Nile supply by 
means of dams was taken up with enthusiasm by the founder of the present 
dynasty, the great Mehemet Ali. To the talented Frenchman, Linant de 
Bellefonds, belongs the honour of having first caused this idea to assume a 
concrete shape. To his compatriot, Mougel Bey, must be awarded the still 
greater honour of having designed and carried to completion the structure which 
to this day stands as a monument to his name. 

It is true that the work, as constructed by the latter, was faulty irk 
certain of its more important parts, but the faults in question were due rather 
to the impetuosity and to the arbitrary nature of his master than to any lack 
of engineering talent on the part of Mougel Bey himself. 

Major Brown relates how, for years after its completion, the Barrage^ 
remained unused on account of the ominous signs which, from the commencement^ 
it had given of its inability to withstand the strain due to even a moderate 
head of \vater. 

He describes the numerous commissions which sat upon the work 
between the years 1861 and 1883, and epitomises the reports made by the 
many experts \vho were called in to examine the question and advise the 
commissioners thereupon. 
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He explains how the studies of these twenty-two years resulted in the 
official condemnation of the entire construction in 1883. 

He further shows how it was reserved for two Englishmen, Sir Colin 
Scott-Moncrieff and Mr. Willcocks, to prove in 1884 that the condemned structure 
could be converted into one that was practically sound. The former boldly 
accepted the responsibility of attempting what he was universally warned was 
an impossible task, and the latter vindicated the action of his chief by 
successfully demonstrating that the Barrage, if repaired, could be used for the 
purpose for which it had been originally designed. 

With these two names must ever be associated those of Lieut Colonel 
Western and the late Mr. Reid, who were specially charged with the work of 
restoration. To them belongs the honour of having repaired the unsound work, 
and rendered it capable of playing its present important part in the regeneration 
of Egyptian irrigation. Major Brown indicates clearly the numerous and 
apparently insuperable difficulties against which these two officers had to 
contend throughout the progress of the operations, and how it was ^tirely 
owing to their high technical skill and to their self denying labours, that the 
final results proved to be so satisfactory. 

Lastly, as Major Brown informs us, it is to his predecessor Mr. Foster 
that the credit must be allotted of having perfected the work during the years 
succeeding the completion of the main repairs. Throughout this period he devoted 
himself steadily and patiently to the task of staunching the springs which passed 
underneath the structure, and at the moment of greatest pressure appeared 
just down-stream of its floor. So successful was he in this, that in the present 
year (1895) it has not been found necessary to spend any money in connection 
with the Barrage special repairs. 

Those portions of Major Brown's note which describe the foundation of 
the dam, both as regards the original and the restored work, show very 
plainly how insecure was the base upon which the construction was founded. 
With one portion of it built upon shifting sand, and another upon a mass of 
loose stone laid on the river bed, it is not surprising that, as soon as completed, 
it should have shown signs of instability. The sudden failure of a portion of 
the newly laid floor, during the progress of Colonel Western's operations, 
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indicated, in tlie most unmistakeable manner, how unreliable was the soil upon 
which the great mass rested. 

Even now, as completed, it would be rash to assert that the Barrage 
is a thoroughly sound work at every point : it can at best be described as one, 
which, originally defective, has been repaired as completely as under the 
circumstances was possible. 

Its future must always, therefore, give rise to a certain amount of 
anxiety. It wiU always require the most careful handling and the most untiring 
supervision : these being, however, given, and in the absence of any unforeseen 
catastrophCj there appears to be no reason for doubting that it should endure 
for an indefinite period. 

One fact is certain: were the Barrage to fail tomorrow, it would, in 
the increased waloe of the cotton crop alone, have repaid the. sum expended 
upon its restoration many times over. 

Major Brown *s figures show, that during the fourteen years preceding 
the commencement of the repairs, the average annual yield of the cotton crop 
was tw'o and a half million kantars. In the six years, .during which the work 
was in progress, this figure rose to three million kantars, while in the sfac 
years subsequent to the completion of the restoration works, the average 
annual out-turn was four and three quarter millions of kantars, the figure of 
five millions having thrice been surpassed. 

Briefly then it may be stated, that since the completion of the Barrage 
repairs the cotton crop in Egypt has been doubled. It cannot, however, be 
asserted that the above increase is wholly due to the effect of the work in 
question, Impi-ovements in seed and in the system of cultivation have un^ 
doubtedly played their share in the result Admitting this fact, it can hardly be 
denied that the improved and assured summer water-supply due to the Barrage 
must necessarily have been the principal agent in ensuring the increase. If to 
the above be added the benefits resulting to the country from the economies 
realised in the annual canal clearances, in the cost of lifting water, and above 
all in the suppression of the Corvee, the case in justification of the expenditure 
incurred in the restoration of the Barrage becomes an overwhelmingly strong 
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one. The Administrators of the Finances of Egypt will, I am sure, cordially 
allow how considerable a share in the improvement of the revenues of the 
country is due to the work in question. 

It is to be hoped that the time is not far distant, when Mougel Be3^'s 
grand work will form a single portion of a great system, by which the 
inhabitants of Southern Egypt, and even those of the Soudan, shall profit to 
an extent equal to that already experienced by their more fortunate bi^ethren 
in the North from the construction of the Great Barrage. 



UNDER SECRETARY OF STATE FOR PUBLIC WORKS. 



W. E. GARSTIN 

[)ER SECRE 

CAIRO, December 1895, 



NOTE: 

Since the above was written, we have decided upon taking further 
precautions against failure, and upon; strengthening those portions of the structure 
which are known to rest upon an unstable foundation. The system to be 
employed is that invented by Mr. Kinipple M. I. C. E., and consists in the 
removed of the bad subsoil and the substitution of sound material forced in 
under pressure. 

The above work will be commenced upon a limited scale during the 
ensuing winter, and if we are satisfied with the results obtained , will be 
gradually extended throughout the entire construction. 

CAIRO, July 1896. W. E. G. 
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PREFACE. 



On becoming Inspector General of Irrigation in Lower Egypt, I felt the 
want of a collected account of the History of the Barrage, and moreover 
I was informed by a publisher, that requests were frequently made to him for 
^uch a work. I therefore put the following account together for my own 
information and for the convenience of those who take an intelligent interest 
in Egypt and its modem works of utility, which bring riches to its people. It 
will serve as a variety to the guide-books, which deal with Egypt and its 
Ancient Monuments of Vanity, on which the country's wealth was pur- 
poselessly spent 

I have not attempted to make the account sufficiently light for the 
tourist whose mental digestion is upset by all descriptions of solid food. For 
him the Barrage will be looked upon as a pleasant spot for a day's picnic, 
and that is all: "A primrose by the river's brim, a yellow primrose was to 
him, and it was nothing more." 

The History of the Barrage naturally divides itself into two periods, 
(1) that of Projects, Construction and Confessed Failure, and (2) that of Practical 
Experiments, Restoration and Acknowledged Success. A short Chapter 
<iescriptive of the Barrage and its Object, separates these two periods in the 
following account 

The works, from which extracts, often literal and lengthy, have been 
made and illustrations borrowed to form this compilation, are the following: — 

"Memoires sur les Principaux Travaux d'utilite publique executes en 
Egypte'* par Linant de Belief onds Bey. 
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*L'figypte, son avenir agricx)le et financier" par Felix Paponot. 

"Note on the Barrage" by Sir C. Scott-Moncrieff, K.C.M.G. C.S.L 

"Irrigation in Egypt", Lectures by Sir C. Scott-Moncrieif, Professional 
Papers of R.E., VoL XIX, 

"^Egyptian Irrigation" by W. WiUcocks, M.I.C.E. 

** Annual Irrigation Reports, Egypt" from 1884 to 1894 inclusive. 

Manuscripts in the Khedivial Library, and Public Works Ministry, Cairo, 
have also been consulted 

The two general views of the Barrages and the view of the road-way, 
showing the displacement of 1867, were photographed for this paper by 
Mr- Allan F. Joseph, who is the Inpector at present charged with the care 
of the Barrage and its regulation. The two other photographs, showing the 
work of restoration^ were taken for the Egyptian Government in 1889 by 
Mr. J* Heymanj a professional photographer of Cairo. 



/ 



CHAPTER I. 
History of the Barrage previous to 1884. 

Conditions necessitating a Barrage. 

It is recorded by Clot Bey tlrat Napoleon Bonaparte wln-u in Kirypt 
in 1798 and 1799 during the French occupation, foresaw the ^nHistnirtinn i){ 
a Barrage at tlie head of the Delta to control the distribution <>l' water in tho 
two branches of the Nile; and that he gave expression to his anticipations* of 
the future in the following words: — 

"Un jour viendra on Ton entreprendra nn travail d'etjiblissoment do 
digues barrant les branches de Damiette et de Rosette au venti*(^ do la vacUe, 
ce qui, moyennant des batardeaux, permettra de laisser passer siiccessiveiiipiit 
toutes les eaux du Nil dans une branche on dans Tautre et de doubfer aiiisi 
rinondation.'' 

The day that Napoleon is said to have foreseen soon caino iti thr reign 
of Mehemet Ali, who became Viceroy of Egypt in 1805. He was a man of 
energetic action and lost no time in introducing a period of activity in irriguttan 
works, making use of the nnpaid labour of the Corv6e as his in^^triuiient fur 
carrying them out. 

At the commencement of his reign. Lower, as well a?^ \^\i\)vv l^]gy[it, 
was irrigated under the basin sj^stem, that is, by inundation, and t|{^pendod on 
the height of the flood for its water-supply. Too low a Nilr wdnld U*avc 

1 
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ini favourably j^itiiateil lands without innmhitit)!!, arul hence the idea, that had 
sn^'gasttnl itsetr tii Mm* mind of Napoleon, of a Harrage for obtaining snch 
control over the river that a flood, which was a low one in the nnited Nile 
above its bifurcation ^ could be made a high one in each branch of Lower 
Egypt alternately^ by adopting, as it were, the militaiy principle of conc^n- 
ti'ating ones fon-t^s in succession on the separated paits of an enemy's army 
and dofeatin^j tlu^m in detail. 

Tlie developiiient of cotton cultivation on a large scale in Lower Egypt 
during Meliemet AH's reign necessitated a radical change in the whole canal 
iJiysteuK Under tlie basin system winter ci-ops, such as wheat, barley, beans 
and clover, Avere gn»wn on the lands from which the Nile flood had retired 
after inundating them, l^ut cotton cannot be grown undei* th(ise conditions, for 
it requires to be protected from inun.lation, and also to be planted and irri- 
gated bd'ore the Nile begins to rise. Hence it became necessai'y to embank 
tlio branches of the river for the protection of the cotton cultivation from 
inundiition, and to dig deep canals to couvluct the low level waters of the sunv- 
mer Nile to tlie neiglibourhooil of the ci'ops to be irrigated. The water, being 
so much within wil, had, during the low Nile season, to be lifted onto the land 
by pumps, sakyivs or shadufs. To make and mainttiin the Nile banks, so as 
to be capable of ivsisting high floods, and to dig and keep clear the canals, 
Hi} that they should be deep enough to flow at low Nile, was a task that fell 
heavily on the country, and had to be executed by unpaid labour. Linant 
]\v\ calculated that the quantity of work necessary for the effective clearance 
of the canals alone, (without taking into account the maintenance of the Nile 
banks,) w(juld have com3 to over [:) million cubic metres a year, requiring an 
army uf '27,104 men working for 100 days to execute it. Such a clumsy system 
was unable to produce the results desired, though the taskmasters did not 
fail through tcnder-lif'artedness to make the lives of the labourers bitter witli 
hard bondage in those days when the "Koorbash'' was still a recognised and 
favourite instrument of government. 

8o it became necessary to devise some more scientific method for ob- 
taining and distnb tiling whaler. The configuration of the Deltu naturally 



- :i 

SLigtrested the constnictiou, across the heads of the two ))ranehes (tf th(^ \ile, 
of Barrages or Kej^iilators, which would raise the low h'vel of tlie smiiinor 
Nile by such an amount that water would flow into the caiuils. tukinif utt' from 
above the regulators, at so high a level that it woultl not h\* juniNsary 
to clear the beds to a greater depth below counti y surface than was i L^asoitablti 
and practicable. 

Hut, before siich a project took shape, Mehemet All hiA, in \M:U 
boldly commenced operations for increasing the Damietta supply at tfie expense 
of the Rosetta. The water levels of the Damietta Branch being alvvuvs higher 
than those of the Rosetta, the irrigation of the part of the Delta, wliich lies 
between the two brandies, as well as the part on the V/dst of the Damietta 
Branch, was carried on almost entii*ely from canals taking off the l;Lst uuuied 
branch. Therefore, to obtain more water dui-ing sunnner in those eaiiuls which 
served as perennial canals for the Central and Kastern Delta, .Mi^fjeiiiut Ali, 
with but little consideration for Beherah Province and regardless of the wat<M- 
supply of Alexandria, proposed to dam the Rosetta Branch by a iiunk of loose 
stone, and divert all the water into the Damietta Branch. Tlie idea was a 
bold one, but this is the only complmientary epithet that can br ap])lieii U) 
it. If the proposal had been carried out, it would probably not have suceeeded, 
which would have been a matter for congratulation, as success wouhl have 
had more unsatisfactory results than failure. 



Proposal to construct a Barrage. 

The work of damming the Rosetta Branch at Koratayn had aetnally 
been begun, when Linant Bey (afterwards Ijinant Pasha), then tri charge \A' 
the Irrigation of Upper Egypt, arrived from the South. He at once ]\t>iiited 
out the probable consequences of such a violent interference ^\ itli natural 
arrangements, and proposed the construction, across the head of i^acli luaiichj 
of a Regulating Barrage designed to give command over the distribution of tlie 
water between the two branches in summer, and to leave a free passage for 
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tile river tlurin^' a flood. Whereupon, with notliing but tlie bare proposal 
before him^ Mr^hemet Ali, with characterLstic hnpctuosity, forthwith ordered 
Ji. Liiiaiit to proceed with the collection of the materials necessary to carry 
out his proposals, after ^roinir thron^'-h the form of submitting a note to the 
"(iraiid ('()Mseir\ M. IJnant was then pressed by the members of the Council 
to i^tate what materials were necessary, and, in order to satisfy their impatience, 
lie ^vc a tiisuvQ of the quantity of ashlar, rubble stone and lime required, 
uskin^ that a ( Commission might be appointed to study the whole subject. 

At this stiige Mehemet Ali, with his mind excited by the Barrage 
pn)ject and nnue impatient than his (/ouncil, proposed to M. Linant to 
dismantle the tiizeh Pyramids in order to utilise the stone fi-om them in the 
Construction of the Barrages. M. Linant, knowing how to deal with his master, 
m an Trislnjian knows how to persuade his pig to move in the right direction, 
did not oppose the idea as an unparalelle.l act of vandalism, but proceeded to 
prepare a project for the demolition. Surrounde 1 by the halo of a Commission, 
composed of the Ministers of lM)reign Affairs, Public Works and Public In- 
fitruetiori, lie went to the Pyramids, and pi'epared his project for their 
demolition, according to his own account conscientiously. AVhether conscientiously 
arnved at or not, or with a bias in favour of the continued exis-tence of the 
Pyramids, the tinal results of the calculations showed that it would be more 
economical to obtain stone direct from the quarries than from the Pyramids, 
whi^h consideration turned the Viceroy from his pui'pose. And so the 
Pyramids remain to this day to grow yet oldei*. 

T\w Commission, which M. Linant iisked might be called to study the 
project of tile Barrage, was meantime formed and included a charming variety of 
ii.s,s.nted talent. The members were an architect, the Chief Engineer of the 
I)(dta, tlie Dii-ei'tor of the School of Engineering and a retired boatman in the 
cuntidenca iA' the Viceroy, all of the foregoing being Egyptians. To these 
wen^ added two linglish engineei*s, a foreign engineer who had studied in 
England, two P^rench Commandants of Artillery and a French mining engineer. 

Tlii^j commission divided into two camps in favour of diiferent projects. 
It is a wonder it did not divide into more. The one camp advocated tl.e 



construction of a solid dam or weii* with fixed heit^ht of crest, on each branrfi 
of the Nile, at r)6goue on the Damietta Branch and at Beni Sahiiiiii on the 
Rosetta. It was proposed in this scheme that the flood slioulil pass ttm- the 
dam, and also through a large openhig at each end of it, which would hv 
opened in the flood season and be kept ch)sed durhig sunnner, on the principle 
of the ancients with their under-shiices, as constructed in India. The Knglish 
element in the C^nnnission gave its suppoi't to this project, not improbably 
influenced in its favour by what they had learnt had been done with success 
in India, where however the conditions were ditt'erent. It was urgpd iL^ an 
objection to the adoption of such a foi'm of dam in Egypt that it wuiild be 
difttcult to raise the summer level of the River to the extent desii*able by s^iicli 
a permanent obstruction without raising the flood level to an luulesirable 
extent up-stream, and, as a result (in the case of the Delta Barrage) inundating 
Cairo and much else. Jurther it whs argued that the power of distributing 
water in sunnner, as might be wished, between the tw^o branche> would not 
be obtained by such an arrangement. 

In connection with this proposal it is interesting to note* tliat, uhen 
in later years the question of restoring the unsound Barrage was under con- 
sideration, Mr. Willcocks made a proposal to remove all the piers and tu mise 
the floor permanently 2.50 metres: on the top of this floor he jnop^^sed to 
add moveable drop gates 1.50 metres high. He maintained that a solid wail 
2.50 metres high would not obstruct more of a high flood than the present picj's 
do. But though this would have been creating a solid inmiovable dam or weir, 
such a weir would not hjive had a fiaed crest, as the gates of 1.50 metres 
height would have been made use of for raising the summer level to the extent 
desirable, while at the same time the fixed obstruction would not have raised 
the flood level to an extent greater than the existing Barrage does. 
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Linant's Project. 

* The othiM' project, favoured by M. Linant ami the rest of the Conimission 
was to eon.stnict npL^n Barrao-es across the two brandies as near as possible to the 
head of the Delta, then at Derrawe: tlie Rosetta l^ranch Barrage to be situated 
at Kafi-MniistMir and the Daniietta Branch Barrage below Derrawe, at both 
which siti's the bends of the river favoured such a disposition of the works. 
I'hese two Han-iij^r^'J^ were, according to this project, to be regulators capable 
of mising during summer the water level up -stream of them to the height 
required tu supply the three main canals which were destined to u'rigate nearly 
all Low^or Egypt During tlie time of tiood the regidating apparatus was to 
be retnoveil, so thai the river might be given a free pavSsage through the 
Barrage, and nut be headed up. 



Execution and Abandonment of Linanf s Project. 

'riie lat^T project, which was undoubtedly the more suitable one, 
received the Viceroy's approval, and the excavation for the work was begun 
Ibi'thwitli towards the end of 1833 by mans of Corvee labour, the men being 
sent onto the work by the ordei's of the Viceroy in such numbers as to cause 
Ci>nsiderable embaiTussment to those in charge of the work. But in spite of 
the confusion that overcrowding produced (and only those who have worked 
with Egyptian labonrers can appreciate what that means), a start was made, 
and work went un fairly well, until in 183') the plague, that Kinglake describes 
in ''Eothen ", visited the works and made it^self master there for four months, 
during which period the works w^ere suspended. Still the preparation of the 
project progressed, so that, in July 1835, M. Linant was able to present to 
the Viceroy the designs and estimates of the Barrages complete, and to get 
them accepted. By this time the plague had left. But the work itself seems 
to have been stricken by the pest, for it languished as one doomed to die. 
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The nuinbei-s of the labourers dwindled, materials censed to iirrive, nnl 
M. Linant himself, now no longer occupied in attending to the const riK^tknj of 
the Barrages, was called in 1887 to the Ministry to direct tlie PnlHic \\ ink.^ 
Depailment. 

The Viceregal interest would have been capable of I'eviving tlic spent 
energy, but His Highness Mehemet Ali had grown lircd of the Harra^^es, mu] 
from being impetuous had grown lukewaim. In this state of mind lie app(jiuti*d 
a Commission of sixteen membei^s to examine the question of the din^irnlntity u\' 
such constructions. To this Commission his view, that Haii'ages wvw m\i 
necessary, was enough plainly indicated to guide a subservient Caniiiiission 
to conclusions in agreement with His Highness's views. Hut the Couiniission 
did not take the hint though so plainly given, and declared decide lly in favour 
of BaiTages as proposed by M. Linant, setting fortli in its rei)ort the advantages 
that would result from their construction and I'ecommending a continuance of 
the work. The Viceroy, notwithstanding, after reading this reiiuit, n^plie.l 
officially to the Minister, that tiie Connnission was quite right, but still lie did 
not want Barrages. TIk^ materials collected were therefore removed from the 
site of the projected regulators to other works, and the workshops <lisJiianMed 
for the sake of the wood of which they were constructed. And Unit was the 
end of M. Linant's Banage, a child still-born. 



Mougel's Project. 

A few years later, in 1842, Monsieur Mougel (afterwards Muugel Bey) 
arrived in Egypt to construct the graving dock in Alexandria. On an ocrasion 
presenting itself, he proposed to Mehemet Ali another system of carrying out 
the construction of the Barrages, with which he combined a scheme of forti- 
iications to please the military mind of the Viceroy. Ho claimed tu havn ilis- 
covered an artificial puzzuolana in Alexandria, which made the construction 
of a Barrage a more hopeful undertaking. His Highness listeneJ, ami, 
pleased perhaps with the idea of making the Barrage a military centre, directed 
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JL Moiigci t<> prepaj'c lus project, at tlie saine time calling upuii M. l.iimnt to 
gi\'i} litiLi all iiifi)rmutiori poi^i^^ible, as well as the benefit of his expencncc, 
hi cofnpliauco witJi tliis cinler M, Linant handed over liLs conipleti^ pi'ojoct to 
M. Mou|.n*[j not, wr may Uv sure, without some feelings of bitterness as he 
parted with tlie mniaed baby t-luthes of his still-born child for aiiotliers tliild 
to wear. 

In rlaiiuary lS4a M. Mougel laid his project before the Conseil des 
Ponis et Cliaussees. The design of the Barrage, according to this project, 
gave W arches to tlie Kiisetta Harrage and 45 to the Damietta, all of 8 metres 
Width diviiled by vertical iron uprights into two bays of 4 metres width. It 
was ir^tended to liold up to r> metres above Low Water Level. Muugol 
considei"cd (and niibsequent experience has shown him to have been ri^ht) 
tlmt all the Low Nile ivatc^i^ was I'equired foi' irrigation and that the work 
should be designed to provide for its being all utilised. But tlie Conseil des 
Fonts et (^haiissers tliought tliat t\\\& was "almost absolutely impossible^' of 
attjunnient, as tfiey caleulated tliat the canals could not be made to carry the 
n'liole of tlie summer supply, Aud not only did they consider it to be impossible, 
but even undesirable, as iiavigaiion and sanitation along the two bi^anches 
would suffei' seriously weiT the whole summer supply diverteil into inigation 
canals. Finally the t'ouncll gave it as its opinion that the project had 
not been suftieiontly studied. 

But that was iiutliiiig tu Mehemet Ali: sooner than delay, he adopted 
the project as it stood and gave orders for the construction of the Barrages 
and the Ibiliiieations combined with them, under the direction of M. MougcL 
Tho Barmge wliieh now exists is the result of this order, but tlie original 
dosigri was ujoilifiod. 
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PLATE I, 
EXTRAIT DE LA CARTE DE LINANT DE BELLEFONOS BET 
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Comparison of Linanf s and Mougers Projects. 

It will hf coiivpiiioiit Mon* irotn^ inrtlier with this account to 
romparc Uh> two projfict^ of M, IJnaiit and M, Muiigeh The sites chosen for 
AL ljirmtit.s liarntjtres were on the K(»setta Hrancli 9 kilometra*^ ami on the 
Daniietta 5 kilometres to the Nmlh oi" the present one, (see Plato 1), ami 
tJie scctioas of the narratre un eitlier branch uf the river wuiiKl have lieen 
6 kilometi^es distant the tnie tVoju the otiion In the present iiarragc, wliirh 
is Mongers, the two sections are so near as U* aljnost form one work, so that 
it is the enstoui now to speak of tlie two together in the singular as *^tiie 
Barrage ", In eon?^eqnenc.e of this imioti, tlie regnlation of the Barrages 
themselves, and uf the Canal Heads Uking off above tliem, U e^isily controlled 

iiosjcrm £n/usrcH earr/ig£ 
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Frnm WlUoocka "EgyjiU&n IrrigmtJou". 

by one Director in charge uf the whulc; and the daily examination of all the 
Reguhitors is mnch facilitated, especially tn)w that a tramway for trollies 
connectsS all tlie pails i\i the Bandage by whieli the water distribution is effected. 
The separation of the Regulators by long distances, as in M. Linant s project, 
would not have been such a convenient arrangement as the one actually 
a<Iopted, But M. Linant claims on behalf of liis project, that he wonld have 
had more reliable constructions, since his works would have been built in good 
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soil, while M. Mou^rors Avoro ju'tiuilly loiinded upon loose sand. Also, siJiro 
the works, as desiirned by M. Liiiant, woiihl have been built in the dry (jutsjde 
the course of the river (which would not have been diverted thiou^rli th/tii 
until they were complete), the foundations could have been ^aven a lev(0 bed 
and the concrete have been hiid in the dry: whereas, buildin^ur as Mouiri^l diiU 
in the river bed itself, the work was i'oundcd on an uneven surface, imtl rhu 
concrete was, to a ^vedt extent, laid in runnin^r water. The varying'* knt^l- of 
the bed are shown in Fi^'*. 1, which is a longitudinal section along the ixosetta 
Jkrrage. At the West end of this line the sand bed rose 4 metres abo\r the 
summer low water level, while towards the East end the river bed was in 
metres below the same water level. (See also the diagram, Fig. 2) 
Jlence the West end was founded on loose sand, and the East end on a iriiiss 
of rubble stone, 12 metres in height and (>() meties broad at the deepest part, 
which was pitched in to foiin a platform for the concrete to be laid upon. 
(See also Plate II.) The concrete layer was consequently formed in running 
watei', and did not therefore set and had to be relaid, probably more than oiico. 



Execution of Mougel's Project. 



Vol' the 8 years succeeding the acceptance of M. Mougel's project in 
1843, the construction of the Barrage was carried on fitfully with more nr 
less rapidity and success. The Damietta Barrage was begun first ami nu 
special difficulties are recorded as having been met with in connection witli it. 
No account exists of the condition of the foundations, but Mougel stated that 
the work here is excellent, since it was practically built in the dry. 

In June 1847 the Rosetta Barrage was begun. Mehemet Ali, impatient 
for the completion of the work, ordered that 1000 cubic metres of concrete 
were to be laid daily whether possible or not. It so happened that in tiiis 
year the river level in April was more than on3 mi>tre higher than it hiul 
been at the same time the year before. Difficulties were also occasioned in 
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consoquoncr of Hie earth excavated from the foundations having been thrown 
tau near the ed^n? of the pit, and tlieret'ore causing slips,, wliich interfered 
wiili the work. M. Mougel attempted to caii'v out the Viceroy's order in spite 
of diftieultics and technical objections to doing ?so, knowing that he would 
have b«MMi disniii^sed. had he acte<l otherwise. In went the concrete, as fast 
as it vnrtU\ \h' ^^iit in, to t(»o shallow a depth at the \\'est end, and int^» running 
water at ttie Kast end over the loose rubble mass. Naturally the lime of the 
conci'ete mixture was carried away by the current, and the concrete lost the 
ingredient which gave it the property of setting. Naturally also springs found 
their way thrinigli the material that remained and upon which the JUrrage wa^s 
to be ftjuuded. 

The following account* of the manner in which the Bariage was 
constrncted wa.^ given to M. Willcocks by Mougel Bey himself and is therefore 
wtjrtli reprnditcing in full: — 

"A level of 8.80 metres above the McJiterranean Sea (or 8.20 metres 
on the Barrage gauge) was Hxed as the mean bed of the river at the bifurcation. 
The floor w^as to be 8.50 metres deep, and consequently a reduced level of 
4.70 metres was the formation level of the bottom of the floor. Owing to 
scour along the right bank of the Rosetta Branch, the bed of the river 
was some 10 luetres below this level at the deepest pointi§; while on the left 
bank tliere was considerable silt dejwsit above it. 
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If the above Fig. 2 represents a cross section of the Rosetta Branch 
at tlie site of the Bai'rage during construction, and the line AB the bottom 



* "^Egyptliin Irrigation" by WUlcocks p. 157. 
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to the .floor, the pait from A to C, wlien* the floor is below the bed ul* tlie 
liver, was fli*st eoiistriietecl. I'lic sand was excavated as far as i)ossil)le in the 
dry, and then two lows of sheet piling wen* driven along the u|) and down- 

stieaiii faees of the platlorni. In the 
cross section Fig. :5, KF and (iH are 
sheet piles; within the sheet ])iling the 
sand was dredged out down to a reduced 
level of 4.70 metres, and concrete 
skipped into the watiM* to its full 
thickness of :J metres, and then allowed 
to set. Next season the sand was n^noved from above* the conciete K 1^, 
and a coff*er-dain M X, Fig. 4, was erected on the concrete*, enclosing the space 
to be occupied by about Ave openings. The coffer-dam was made water-tight 
and the water was pum|)ed out. The springs through the conciete were then 
staunched, the stone and brickwork floor OP laid over the concrete, and the 
piers raised to one metre above water-level. 
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The coffer-dam was then moved forward, and the space to be occupied 
by Ave new openings enclosed, and treated in tlie same way. The sheet, 
piling, KF and Gil, was not cut down to tloor level, but projected both up 
and down -stream of the platform to a height of one metre above the floor. 
There seems to have been no difficulty experienced in this method of working, 
except under the arches numbered 7, 8, 9 and 10, near the left flank; hero 
the sand was of a particularly fine quality, dark in colpur and very light, 
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with UiL' sprin^^s ^h-an^rty inipre^nKitcJ witli decciYed oriraiiic matter. In spite 
of the dreil|4'er wyrkin,ir in still water, the line sand poured in fast from 
between the pile;*, and alU-r Ix-iiitr dredg-ed was allowed to accumulate to a 
height of 8 metres and upwards, just outside the sheet piles. The more it 
accujuulated the more tiic silt ran in, mitil the deepening' of tin trench became 
?ui impossibility. 

Jlou^a^l J^jey wanted to post|>oue the work to the followiujir year, but 
the Viceroy was urifrnt: men were crowded into the quicksand, the concrete 
skipped in J and the mixture of concrete and quicksand had to do duty for 
the floor. Moug^el Bey gays that the concrete there could not be more than 
1.50 meti'e thick; Ijinant P^ey says that the spring's there were always 
cunsiderable, cracks appeared in the superstructure before any water was 
liell up on the liarniire, and eventually tliis part of the Barra.ge failed and 
ivtLs surrounded by a cotfci-dam Fig'. 5. 
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Rcfenin^^ to tfie cross section of the river l^'ig*. 2 on pa^-re 12, it will 
b6 seen tliat the constiuction of the Harrag'e along* the part CU, where the 
door is higher than the bed of the river, could not have b.v^n cirried out as 
above. Here a mass of lo:)?«e stone was pitched into ths? river from boat^, 
until tiie upper sufface of t!ie tipped stone corresponded with the bottom of 
the platform on the line A Jv Intr^ this barrier of stone, sheet piling (along" 
the up and down -stream edg^es of the platform) was di'iven in as far as it 



• The nnmherH of I ho art*he? lifivrrn In Fig. 5 are according to the old nielhod of Dumbcriiig. 
Aecarding Lo the new method Nt>- (Jl ef Fitf. 5 ehould be No. 1 and No. 46 should be No. 16. 
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could go. Sail cloth was laid on the up-stream side of the piles and hehl 
against the piles by the force of the current. The concrete wiis skipped 
into the water between the piles. As much of this conciete was skii)pod into 
running water, great pail of the lime was washed away, according to Linant 
Bey. Subsequently when the coffer-dam, Fig. 6, was erected on the concrete 
for the completion of the floor and superstructure, the springs in places were 
so excessive that the floor level had to be raised 50 centimetres above the 
general level. The concrete was composed of broken stone, pure lime and 
artificial puzzuolana in the oidinary proportions. Much of this concrete has 
not set, and in places has been found like pudding, though in others it is as 
hard as rock.*' 
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Meantime, while this work was going on, Mehenu^t Ali died in 1848 

^'ithout seeing the completion of the liarrage, which was to be many years 

Xefore it recovered the injury done to its constitution by his impatience and 

impetuosity. He was succeeded by Abbas Pasha, who, in March 1852, liaviug 

:»io faith in the success of the Bairage as being constructed, was desirous of 

^abandoning the work; but he did not do so for fear of public opinion. At 

'fchis same time also M. Linant declared himself in favour of pumping csta- 

XDlishments in preference to completing the Ban*age, and defended his change 

of opinion on the ground that during the last 10 years pumping machinery 

!ft:iad been much improved and rendered economical. 
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In April 1853, Abbas Pasha, not being satisfied with Hie pro^ro^s 
made, dismissed M. Mongel, and ordered him to liuml over the inrijniplete 
Barrage to Mazhar Bey. At the time of transfer a Couunissioii repurteil uii 
it to the effect that tlie concrete floor over the rubble heap lurJ elsewhere 
was in a bad state and that springs found their way tluiMi^li it. M. Lhiarit 
relates that at the time of transfer the work was far from being rtnislieil. an 
there were scarcely any of the piei^s constructed to above water-level: he al^^o 
adds that up to this time 47 million francs had b^^ea spent on tlie woik 
besides the labour of the Corvee and soldiers. The -state iif the work in J 80:1 
accoiding to M. Linant is shown on Plate II. 

In spite of the Report made at the time of tiaiisl'er, wtuk was 
continued without remedying the defects in the foiuitiation and making the 
concrete layer sound; the piers were completed and the wliule snper.structui*o of 
road, pathways, parapets and turrets completed by 1861. The cost, exehiiiivc 
of the value of the Corvee labour, is said to have been L 1,880,000. 
M. Willcocks in his "Egjptian Irrigation" states that the Bariagea, lortiKmtion^, 
canal heads &c. are considered as having cost the eountiy L 4,i)0(^U00, ^ 



Period of Commission and Reports. 



The condition of the Barrage at this period is reeorded in tlie Reports 
of two more Commissions, one appointed on the 13^ November 1861, and tho 
other on the 415 July 1863. At the tune of the first Commission no other 
cracks were remarked except those which existed iVom the beginning of the 
construction in the 1**^, 2'i5 and 3S arches of the West end of tlie Rosetta 
Barrage, and these did not appear dange!x>us. The CoinmiE<sii>n considered 
that little remained to be done to complete the Barrage and Jill it for the 
object for which it was designed, but recommended that, beloiii holding up 
the water at all the floor should be finished and the springs sliould bo 
stopped by the aid of a diving-boat ("bateau plongenr') in pre Terence to the 
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employment of dams ("batardeaii"); for it was feared that if a head were 
put on the work, water would pass through the loose rubble heap. The first 
Commission after making this proposal, adjouined for more information, which 
it never got. 

The second Commission of .luly 1863 points out that the works 
recommended by the former Commission had not been canied out, that the 
experiments required had not been made and that the springs had not been 
stopped. The system of gates was condemned. This Commission came to much 
the same conclusions as the former, and. recommended postponing the, digging 
of the Main canals taking off above the Barrage, until it had been tested. 
\: But in this year the want of water in the Damietta Branch made 

itself felt-during the summer, and, in order to feed the summer canals, the 
gates of the Rosetta Branch, which had been erected, were closed, and the 
water-level raised above the Barrage from 1.00 metre to 1.40 metre. The 
result was that the sand below^ the floor was forced out by the pressure, and 
ominous cracks appeared. Lat^r, in 1867, a section of the Rosetta liarrage, 
consisting of 10 openings (N2S. o to 14) towanls the West end, separatcnl fi-om 
the rest of the work and moved perceptibly down -stream. (This is visible 
now in the existing work, and is clearly shown by the shadow of the parapet 
wall in Plate III.) These 10 openings were then enclosed within a coffer- 
dam 5 metres high and 2 metres wide, composed of a wooden framework, 
filled with stiff clay, overlaid by stone resting on the platform. 

M. Linant's last connection with the Barrages (which in principle he 
claims to have proposed, though the actual project adopted was M. MougeVs 
and not his) appears to have been the writing of a Report on it in 1871. 
This is his account of the work as it existed then: 

"he Barrage est comme un corps gangrene: il est reconvert d'un 
bran snrtaut, mais la maladie le travaille interieurement; toutes ces sources 
Hunt ail taut de fistules, qui, quand on vent les fermer, circulent interieurement 
et se repnEiiiisent plus loin;^' II faut de grandes operations, de grands remMes 
et non des palliatifs, qui ne feraient qu'empirer le mal." 

In this same Report M. linant admitted the possibility of putting the 



Plate IIL 
View of roadway over the Rosetta Barrage from West end looking East, 

photographed by Mr. Allan F. Joseph. 

* 

This view, which shows the winch for lifting the gates and the tramway that runs from end 
to end of the Barrages, was photographed to show the displacement of 1867 visible in the line of the 
parapet wall and more clearly in its shadow. 
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Barrage in order, but the uncertainty and the expense fiiglitened him. He 
would not throw good money after bad. He estimated that tlie sum required 
to do what was necessary would be 25 million francs, which he remarked 
as far frorii being exaggerated, and he calculated that it would take 5 yeai-s 
to do the work. And then he proceeded to make calculations to show that it 
was preferable to set up steam pumps. This estimate of Linant s should be 
remembered, when what has been done since and the cost of doing it is read 
about further on. 

In April of the same year, 1871, that M. Linant wrote his note for the 

Khedive, Messieurs Lavalley and de Langaudin made a joint report, recommending 

-an expenditure of L 20,000 in repaii-s to the flooi-s of arches 6 to 13 of the 

Jlosetta Barrage, the repairs to consist of a layer of concrete 3 metres thick 

Jaid over the defective Bool's. This done, the Barrage was to be tested by 

losing the arches and finding out what head it would stand. 

These recommendations were unfavourably criticised in similar terms 

"fcy both Ali Pasha Moubarek, Minister of Public Instruction and Wakfs, and 

iKahgat Pasha, Minister of Public Works. The criticisms were accompanied by 

*r^nggestions more vague and less practicafthan the proposals under consideration. 

■^LM'he two Pa^shas probably got tlieir heads verj' close together, when they wrot^ 

-gjieir separate notes, which however contain nothing worthy of immortality. 

Htill one more short report was written in 1871 by Mr. D. K. Clark 

^^tingineer representing Mr. J. Fowler). This note contains a well -deserved 

*3-<3ndenination of the form of gate adopted and under trial in some of the 

sM^m-c^hes of the Barrage at the time it was written. 
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Sir John Fowlers Proposals. 

Tlie next to bp chIUhI in (consultation to prescribe for tfjo V|ps|wiirpd- 
of patient was a well-known Kng-tisli enirineer, Sir Jolni (then Mr.l Fowler. 
He examineit the Harra^'e in IW70, prononneeil the piers and arelies, so far 
A3 visible, to V>e nf ^^oil constniction, but the floor to be defeetive. 'I'he 
floor-surface of hriek ami ston*^ was not in a bad state, but the concrete 
bolow was, in some places beinjjf no more than a confused m^iss of small stones 
or gi^aveL He was convincwl that the foundations of the flcHjr were Urn 
shallow, and that con.siderahIe anil expensive works were required to put the 
lUrrage into workin^^ order, half measures being" useless. 

Sir John Fowler pniposed not to abandon the Barra^^e entirely, but 
to utilise the existing wtnk as far as possible, and to obtain the additional 
height, to which it was dessired to raise the water-level, by means of a new 
and independent construct ion< He recommended that the gates of the existin|;^ 
Barrage he completed and be made efficient, that a new line of g:ites be 
constructed on foundations carried to a great depth immediately dinvn-stream of 
the existing floor and that the river bed beyond it be protected ;urainst seoui*. 

Ho pointed out that, had not the floor been cracked, the sanil <jf ihi.* 
fnundations might liave been confined between up- and down -stream cuitain 
walls, STid the Barrage have been made to hold up the full 4\2 metres ilesire^L 
I tut as the Hoor and foundaticnis were cracked, the sand would have found its 
way out between the cracks under the pressure of the water and the foandation^t 
Iiave been undermined, ik* 

As the lUirra^'^i.^Ahad actually supportetl a head of l.oO metres, iSir .lohn 
proposed to utilise it in futuie to this extent. The remaining H metn^s was 
hi be held up by urates fixed mi a massive wall 8 metres thick and 15 metres 
deep below Low \^'ater- Level. The river bed immediately down-streum of 
Ihis wall was to be covered by a wide layer of rubble interseeterl by two 
rows of heavy concrete blocks 8 metres below Low Water- Level, so m to 
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obtain a water- cushion of a sufficient depth to deadmi the fall of tho water. 
One row was to be up against the cui1;ain wall and tlie utlior at a distance 
of 24 metres from it. Between these rows and beyoinl thf ^ecimd raw wan 
to be a protective layer of loose rubble pitchin^^ TIr^ cross spctioti, I 'late l\\ 
sliows clearly the form of curtain wall proposed. 

But the deep wall had to be made witliont L-iidarj^^vriii^^ the stability 
of the existing structure. Sir John proposed to iiiakp it in si-rtioiis of -I-') UR^trt* 
lengths by the aid of iron caissons and compressed air, aihi to unit^^ the 
different sections by means of end grooves, by wljiclj a ti^lit juiiit eiKild Ijc 
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Cross Section i}f ihr Barr*t§f^ 

^howin^lhc work prop o.%ctt by 

Sir John Im%'^ler 
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obtained in an ingenious way, not very easy to tlewcribc. On the top of i\m 
curtain wall were to be strongly bolted the iron uprights, which were to liold 
the down-stream row of gates. 

The cost of carrying these proposals out, includitii! repaiis to the 
Locks, was estimated at L 1,000,000 allowing for prol>ablt* nnitin?j:eiicies; or 
at L 1,200,000 allowing for all reasonably possible contin^^<MK*i<^s. 

But the Khedive Ismail Pasha, who \^*as a prodigy ol a j^pemUhritt 
in the gratiflcs^tion of his extravagant whims, refused to sanction this outlaj- 



L*^ 



— 24 — 

im a ivurk tliat Wi^ all-important to the country, probably because faith in 
Ujc JiUbcess t^f tlie work was dead. 

Ill hts Ke[j<»rt Sir J, Fowler also, like M. Linant in 1871, discusses 
the I elati\'e c*ost of providing for irrigation by the restoration of the Barrage 
on the one liund and by the establishment of large pumping stations on the 
other; but, unlike M. I^inant's, his figures piove that the pump project would 
be not only int^e n).^tly but less efficient. 

In the saniQ year that Sir .1. Fowler made his Report, another Report was 
drawn up by a distinguished Anglo-Indian Irrigation Engineer, I^ieut: General 
,I.H. RuzulatI, R. M, formerly Inspector General of Irrigation to the Government 
of India, HLs Report is dated 17. May 187G and was written for the 
infarmatitm of H. H. tlie Khedive. The Report has not been referred to in 
any of the publications given in the l^reface, and yet the manner of restoring 
the Barrage, as recinmnended by treneral Rundall is very nearly that which 
^vas actually adopted; and further, (he cost of the restoration was correctly 
e^timatetl. 

In this Report General Rundall lays gieat stress on the necessity of 
training the river up-stream of the Barrage, so that its cun*ents shall set in 
propw diiections on the two sections of it, and the river -discharge be 
divided in correct pi'oportions between the two branches. 

Diiicnssing tlie condition of the floor, he gives his opinion as 
jollow><: — 

**I cannot however but think myself that tlie great nuiss of the 
substructure niust still be in a sound condition, otherwise the J^reat superin- 
cumbent weight, which ii has to support, must have caused a much more serious 
settlement than oven that which has taken place in the left flank of the 
Uo^ctta purtion. ' 

'^My own opiniini is that the oi'iginal foundations of the Barrage wei-e 
ample as regards dipih, provided that they had been faithfully built; but 
that they were deficient as regards breadth and the protection given both on 
tlie upper and lower sides of the flooring. ' 
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He -recommended obtaining breadtli principally by extendinir tlio 
flooring and protective rubble apn^is, not witli Uk^ object oT prtMcnting 
springs finding their way below the wui*k, but as a pi^ecaution a^^ainst smur 
from the rush of water over the floo!'. tJeneral Rimdall also does not class^ 
the Barrage with the incurables, for he remarks: — 

"The conclusion at which I have ai-rived is that tho pi-esont Ban-age 
may yet be made perfectly capable of TuIfillinH^ the purpuso uf its urijj^iiml 
construction/' 

He based tlie following reconmiendatitms uii the understanding that 
two essential conditions be fulfilled, viz: — that the flooring be laid ivy for 
a thorough examination and previous* to its thorough r^^pair: and that the 
necessary works be undertaken first to rewtcirT and afterwards to maintain a 
proper equilibrium of the river flood. 

The works he considered th(^n necessai-y were: — 

1. Repairs of the floor with strung cement uiasonry, riMsiuK its Irvel 
one metre and coveiing it with dressod Aslilai' blocks, 

2. Extension of floor up-stream by an apron 25 metres wide and S metres 
thick, and, in addition, the formation of a euiiaiii wall of masonry wells sunk 
H metres, or to the depth of the exist iiig rough stone, 

3. Extension of the floor down-stream by an apron 60 metals wide 
and 3 metres thick with two curtain iv^alls like tlie up-stream one, 

4. Substitution of needle system of closure for the then existing gates. 
He estimated that the repair work ^v^ii\lA cost L 400,000, with 

L 100,000 added for training the river and changing the gates, — in all 
h 500,000. 

If the list of works recomnnnided in tliis Report and tlieir estimated 
cost is compared with the account of work done and expeniiitui'e incui-red in 
the arjtual operations of restoring the Barrage, it will be seen what a close 
agi^eement there is between the two. In the work, as carried out, Oie cui-tain 
walls have been omitted, and the needle s^^teni of closure has not been 
adopted, but the rest of the recommendations have been in principle 
carried out, 
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Tlie ti7iiiiiii<r of tlie river above the Ikrrage was commenced in 1884 
anil \\m l>reti continued ever since. A sliort account of what has been done, 
illnstrattHl hy i\ map showing- what is being aimed at, will be found on p. 126 
of the I nitration Report for 1894. 

Read by the light of the experience and knowledge gamed since 1875, 
Cieiieral Hiindairs Report is recognised as being that of an expert, who had 
aouiid vieiw!^ uf the situation and had formed a correct estimate of the condition 
ijf thft HarrajbTt^M. 



Official condemnation of the Barrage. 



.\s a Hnal result of all these Conuiiissions and Reports and in spite of 
some of them, Rousseau Pasha, Director Genei-al of Public Works, in his 
yearly Repoi-t of 1883 on Irrigation, pronounced that the Ban-age in its 
existing stato could only be used as a distributor of the river discharge 
between ttin tuo branches. To make it fit to serv^e even this purpose only, 
Uc proposed to spend L 400,000 in raising the floor of the Rosetta Barrage, 
so as to enable it, with the addition of suitable gates, to hold up a head not 
oxeeedinR two metres; and to leave the Damietta Ban-age alone, merely 
inainttiinin*^^ it as a bridge for traffic. The irrigation of Lower Egypt he 
prupusoU U) provide for by a system of pumping stations. 

Having made up his mind in favour of pumps, Rousseau Pasha stated 
the objections against the Barrage project. The first objection was the cost of 
i^storiiiK or repairing it. This has since been carried out successfully for both 
liarragcs at a cost of LE. 465,000, so this objection has been answered. 

The si^cond objection was that he considered that the utilisation of 
the Bairage m ould affect the regime of the Nile inconveniently and cause immense 
deposits ui)-stream of it. This objection has also been answered by experience 
showing' that what Rousseau Pasha feared does not take place. 
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The third objection was that it would not only be necessary to restore 
file Barrage, but to remodel the whole canal system at great expense. This 
i*emo<lelling has since been carried out at a moderate expenditure. 

The fourth objection was that the country would be dependent un one 
work. This is only an objection when the work can not be dependtn] on. 

The fifth and last objection was that the high level, at whieli the 
watei^ would be maintained, would cause damage to land from iiitiltiaiion. 
This objection experience has shown to be a real one, but it applies with far 
^Teater force to the system of irrigation by pumping, as it was claimed iji 
support of this system that it would deliver water onto the surface of tlie 
land without any further lifting on the part of the cultivator. 

But as experience and accomplished facts had not disposed of these 
olijcctiuns in 1883, the Barrage stood condemned in an official document to 
play a minor part in the irrigation of Lower Egypt to that for which it was 
originally designed. 



• ■'•p 



Plate r. 

View of the Damietta Barrage up-stream from the crass channel connecting 

the two Hairages, 
photographed by M. Allan F. Jonepli, 

The arches, that are hidden from view between the left-hand flat^uff tower and the low 
square tower are those, which were closed daring the restoration. 

The central towers were bnilt for a lift bridge, as it wai» orlf^Jnally intended tn have a 
navigation opening in the centre, bat this passage was suppressed and converted Into two o^nttiga. The 
sftme (irn^n^ment will be renriarked in the Rosetta B^irrage, 
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CHAPTER IL 



Object and description of the Barrage. 



The object of the Barrage, a8 has been stated in the previous Chapter, 
i8 to raise the river level to a convenient height for the irrigation of the 
Delta. Tlie two branches of the Nile divide the Delta into three separate 
dtvisians; the BaiTage consists of Regulators built across each brancli of the 
Nile at the apex of the Delta, and the inigatioii of the three divisions is 
providfMl fur by three main canals fed from the higli- level water above the 
liarrage* (Sec Plate VI.) The West division is the Province of Behcmh and 
is inigated by the Rayyah Beherah; the central division comprises the 
Mennllyah and Ciharbiyah Provinces and is irrigated by tlie Rayyah Menufiyah; 
and the East division, comprising the Provinces of Kaliubiyah, Sharkiyali and 
llakahliyah is inigated by the Rayyali Tew^fiki (made in 1889), assisted by the 
canals Ismailiyah, Sharkawiyah and Basusiyah. These last three canals take 
off from the light bank of the Nile between Cairo and the Barrage^ and are 
also affected by the regulation of the river level at the Ban-ago: tliey provide 
irrigation for the Province of Kaliubiyah and the greater part of Sharkiyah. 

The Rosetta Barrage has 61 arches and two locks, and is 465 metres 
long between the flanks: the Daraietta Barrage had originally 71 arches (since 
reduced to 61) and two locks, and was 535 metres lung. 

The Barrages, according to the originally accepted design, had 
respectively 72 and 62 arches, and also a navigable opeDlog in tlie centre 
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of each Banag'e 14.50 metres in width, which it was intended to leave always 
open. These navigable openings were converted into two arches, each of 
3.60 metres span, and the place of 3 end arches was occupied by a lock 

PLATE VL 
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constructed on that flank where no lock had been provided in the original 
design. The two Barrages are separated by a revetment wall about 1000 
metres in lengt^h, in the middle of which is situated the head of the Rayyah 
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Menufijuh. The arches of the Ban*ages are all of 5 metres span, except the 
two in the centre, which are 5.50 metres. They are fltted with ^ates, which 
aie med to close the openmgs during summer with the object of mising the 
water-level, but which are lifted clear of the wat€!' in Hood to allow a fme 
pa^«a*re for the river. It was origfinally intended that the Barrage should be 
capable of mising the water-level, when the livei* was at its lowest, by 4\2 
metres or 14 feet 9 inches, but this it >'as never equal to doing. 

A peculiar featui*e of the Barrage, before its restoration, wa.s an iron 
grating, 30 centimetres high, fixed into the ipms acroy;* oacli opening between 
the bottom of the gates and the floor surfaco. Tlie>so gi-atings allowed of a 
free passage of water when the gates were down. They were originally put 
in to pi-event deposit of mud m front of the gates when shut. The gratings 
on the Rosetta Barrage were capable of discharging, with a head of 1.75 meties, 
over 20,000,000 cubic metres per day, according to Mr, Willcucks. It was 
found that the severe action below the Barrage, when a gate was lowered to 
its full extent, was due to these iron gratings, and not, as it had been 
supposed, to a honey-combed foundation. Mr. Willcocks remarks that this fact 
was apparently unknown to the writers of the Reports on the Ban-agea, and 
points out that, it ought to have been evident tliat, if all the action obseiTed 
was due to fissures in the foundation, the Bana^'e would liave been swept 
away many years before. But tliough the existence of these iron gratings 
seems to have been forgotten in 1884, it was not so in 1871, for M. Lavalley 
in a Report on the Barrage dated 1015 Apiil 1871 refers them in the 
following passage: — 

"Enfin les ouvertures qui existent dans les seuila en fonte devront 
6ti*e bouch^s. Les pertes d'eau qui se feraient par ces seuila sont telles, 
qu'elles ne permettraient meme pas d'atteindre a Tetiage une charge d'eau 
d'un m^tre. La denivellation de 1.75 m. qui a ^t<^ constatee etait due sans 
doutc k la hauteur du Nil a ce moment et i ce qu'un certain nombie 
d'ouveilures etaient deja obstruees." 

Another peculiarity was the original form of iran gate witli which 
some of the openings had been fitted. They were 5 metres broad and 5Vs metres 
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high, shaped as the arc of a circle, and supported at either cod by iron rods 
radiating from the arc to the centi^e; here thoy were attached to massive iron 
collars working round cast-iron pivots embedded in the maaonry of the piers 
at the centres of the arcs. It was originally intended to lower the gates by 
their own weight, and to raise them by compressed air aiitomatteally pumped 
into the hollow ribs, but the principle did not work. Thdse gates have been 
replaced since 1884 by more simple and mom eflicieot ones, and tlie hollow 
ribs of the original gates may now bo seen seattei^ed about the country, 
serving as land boundary pillars and kilometre- posts. Tbese old gates are 
to be seen in Plate X still in place. 

The new system of regulation adopted in tlie restored Barrage consists 
of wrought iron gates provided with rollers sliding in cast-iron grooves fixed 
in the piers. Since the maximum depth of water on tlie floor is 1 Va metres 
(14 72 feet), each opening has been given double grooves and two gates, of 
which the upper one is always 2 V2 metres high, and the lower one 10 the 
Damietta Barrage 2 metres. In the Rosetta [barrage the heigtit of the bottom 
gate varies from 2 V2 to 1 metre in Iieight on account of the floor 
having been raised to different levels during the repairs. In one arch, No. 9, 
there is no bottom gate at all, the floor level being at R. L. 11.50, The top 
of the upper gates, when the Barrage is closed, is at R. L, 14.00, and of the 
lower gates at R. Ij. 11.50 throughout. The floor of the Damietta Barrage is 
at R. L. 9.50 in every archway: that of the Rosetta Barrage varies in different 
arches from R. L. 11.50 to 9.00. 

The gates are lowered and raiso^I by means of powerful crab winches 
(of which there are two to each Barrage) travelling on continuous rails. 

Plate VII from "Egyptian Irrigation" by WilleockSi gives details of 
the Barrage as originally built, or intended to have been built. Plate VIII 
gives a typical cross section of the Barrage after restoration, without showing 
the recently formed clay apron up-stream. For record sake I give below 
the varying levels of the floor on the Rosetta Barrage. 

At R. L. 9.00. No. 19 to 22, 24 to 25, 27 to 45, 55 to 61. 
R. L. 9.20. No. 46 to 54. 
R. L. 9.50. No. 1 to 6, 12 to 18, 23 and 26. 
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— so- 
il. L. 10.00. No. 7 and 11. 
R. L. 10-50. Ko. 8 and 10. 
R. L. 11.50, No, 9, 
The arches, throughout this Note, are numbered from West to East. 
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lu Chapter 1. it was shown that \\w East half of tJie Rosetta Rarra^re 
was founded on a mass of ruhble sbnio tipped into the water to fill up tlie 
deep channel of tlie river, Tn several of the Reports on the Barrage a fear 
was expressed that wlien it was suhjected to a head of water, a flow would 
take place throu^di the uu tilled interstices of the rubble heap. This however 
does not now at any rate take place, as the Nile deposit has staunched this 
mass of loose stone and it is not iuiprohable that this section of the Barrage 
is DOW the most secure portion of the whole construction. 



CHAPTER III, 



History of the Barrage from the year 1884. 



Verdict of Condemnation ra-constdered. 



A now period in the liiatory of E^'^yptian irngatiun bej/aa in May 1883, 
when Sir Colin fthon Oilonf^l) Scott Mancrietf came to Egypt anj the Irrigation 
Dpiiartrnont and Works were entrusted to him to be put in order witli tlie 
satisfactory results recorded in varions pablications since timt date. But this 
accoLiut is concerned \ritli tlio Barrage alone and tlie temptation to di«^ress 
afjd tell of what tli»^ Department, or^'anised by Sir Colin, has done, ratist 
be resisted. 

The Public Works Ministry had jnat concluded a contract, to last 
nntil 101. >, with a private Company to supply imgation to the Western Delta 
at a eoj^t of abont L. 50,000 per annura; and the first thin^ Sir Colin had to 
do was to pronounce on a proposal to extend the application of this syatem 
of irrii^-'ation by means of pumps to the whole of I^ower Egfypt at an initial 
cost of h. 700,000 and an annual outhiy of L, 24!^,p55o, 

Hitherto thei^e had been differences of opinion a;s to the relative merits 
of the two systems of pmviding for the iiTigation of the Delta — by means 
of the Barragej or by pumping. But, at the time of Sir Colin's arrival, 
unanimity seem^ to have been established, and all, Englisli m well as foreign 
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enginpors, warned him to have nothing to do with that uogonnd work. Sir 
Colin, however, with his Indian experience to influence him, was not satisfied 
with the soundness of these conclusionSj and, before accepting the extravagant 
programme of pumping stations, he felt that he must bo certain that the 
Barrage was the worthless failure it was represented to bo. 

In December 1883 therefore, when Mr, Wiilcocks came from India to 
join the Egyptian Irrigation Service, Sir Colin stationed him at the Barrage 
to apply his enthusiasm and recognised ability to the task of testing the work 
and determining what it could be called upon to do. Mr, Willcoeks found the 
closing apparatus in very bad order, the staff, though large, quite incapable 
of doing anything beyond drawing their pay, and appliances and tools almost 
entirely wanting : the stone pitching below the Barrages had never been 
completed and the Damietta Branch had no gates at all, Mr. Wiilcocks 
set to work^ to remedy or remove these defects, expending L* E. 25,611 
in so doing daring 1884, As the river fell, first one and thon the other 
Barrage was closed, this being the first time that the Damietta Barrage had 
ever been regulated on at alL The result of these operations was that, in 
June 18^{4, 2,20 metres (7 feet 2 ins) of water was being held up on tlie 
Bosetta Barrage and about 0.95 on the Damit^tta, obtaining thereby a command 
of water of about one metre more than the average, which, however, was duo 
in part to a favourable somaer Nile. Not only was an abundant supply of 
water thus obtained for all the lands irrigated by the Delta Canals, but the 
water was delivered at a lugher level, and such enormous savings in canal 
clearances were effected that the idea of abolisldng the Corvee wes entertained 
for the first time. 

Previous to 1881, tlie cotton crop had given the greatest outturn in 
1879, when the Nile at Aswan at its lowast was 1.39 metres higher Uian in 1884. 
The outturn in 1879 was 3,180,060 kantars or cwt; in IS 8 4 it was 3,630,000 
kantars. The result, therefore, of the first year's experiment was satisfactory 
and encouraging- 

In 1885 the summer Nile was a low one. But tho Barrage was thin 
year made to hold up as much as 3 metres (9 feet 10 ins) on tlie Rosetta 
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Branch and L76 metres on the Damietta Branch, and this gave the canals 
an inci'eased level of 10 centimetres over the supply of 1884. But an 
unpleasant reminder of the warnings to leave the Barrage alone occnried on 
the 21^ Mai-ch, when a widening of the cracks appeared in arches No, 7 and 
8 of the Rosetta Barrage, and there was a down-stream subsidence of the old 
coffer-dara put in yeais before to protect this most doubtful part of the work- 
Masses of stone were thrown in round the cracked portion, so as to take the 
i^train off it as much as possible. Just previously to this the head on the 
work had been divided into two by forming a bar of rubble on the floor of 
the Barrage as shown in the diagram Fig. 7. This bar contained 
26,100 cubic metres of stone and cost LE. 7627. The bar was removed in 
July and utilised in the down -stream apron of tlie Barrage. The sum spent 
on this year's opeiations was LE. 18,246. 

In 1S86 the manner of working tlie Barrage and the results were 
much the same as in 1885. During tliis period of experiments, 1884 to 1886, 
Mr. Willcocks, (who was also responsible for the irrigation of the two Central 
Provinces of the Delta,) had Mr. Arnold Perry to assist him as Resident 
Engineer at the Barnige. 



Preparations for the Restoration. 

Willie tempoiuiy measuies were being successfully employed by 
Mr. Wilicocks to make the Barrage do its duty to a greater extent than it 
had hitheito been made to do it, steps were being taken to provide ways and 
means for its peiiiianent restoration. In 1885 a loan of a million pounds 
sterling was obtained for irrigation works, of which the most important was 
tlie Barrage Restoration. Lieut. Colonel Westeni came the same year from 
India to direct the works which were to be built with the Million, and he 
brought with liim the late Mr. A. G. W. Reid, who was afterwards specially 
charged witli the Barrage. 
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Before describing what was done to the Bandage, it will hB as well to 
explain what system it was decided to adopt. As a result of Mr< Willc^Qcks 
experiments with the Barrage in 1884 and 1885, it was resolved first tliat 
the irrigation of Lower Egypt should be carried out on the general st'heme 
laid down by Mehemet Ali, which consisted in raising the Nile level by means 
of Regulators and producing a natural flow of water into the canals* The 
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rival proposition to raise the water artificially by pumping from the river into 
the canals was rejected. 

The next question to be settled was: Should the Barrage itself be 
repaired and strengthened, or should new works be constructed to do tlio 
work the Barrage had been designed but had hitherto failed to <lo? 

9 
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For some time after their anival Colonel Western and M. Reid thought 
the task of restoring the existing Ban-age so unpromising that they were 
inclined to favour an entii-ely new work, and estimates were framed accordmgly. 
But after some hesitation and the examination of alternative proposals, it was 
finally decided not to abandon the old Barrage, if it were found possible to 
repair it. To settle this point, it was considered necessary to get down to 
the floor and find out its actual condition; which was not so easy to do under 
tlie 4 V2 metres (loVa feet) of water which covered it. Still this was successfully 
accomplished in 1886 by the simple plan of forming earth banks above, below 
and across the Barrage to enclose 20 arches at the West end of the Rosetta 
Barrage, and pumping the water out of the enclosed space. Within this space 
the bed of the Nile and the Barrage floor were laid dry without excessive 
pumping, although they were about 5 metres (16 or 17 feet) below the 
surface of the water outside the banks not fifty yards off — See Fig. 8. 



Project of Restoration. 

Tn consequence of what was then seen of the foundations of the 
Barrage, it was decided to undertake its restoration, and it therefore remained 
to lay down the lines on which the restoration should be carried out. Under 
a head of water there was danger of the fine sand and mud, on which the 
Barrage, as constructed, was founded, being forced out from under the floor, 
and of the work failing from being undermined. The problem then requiring 
solution was how to make the Barrage into an impermeable bar across tlie 
river, under which water, acting with the force due to the head it was desired 
to maintain, should not be able to make it^ way. 

Sir John Fowler's proposal of a deep and massive down-stream curtain 
wall wiks rf\jccted on account of the difficulty of building it, its great cost 
and the danger of bringing down the Barrage in the process of sinking the 
wall. As deep excavations in the neighbourhood of the existing work were 



Plafp IX, 

View of tlie Rosetta Barrdge during the tliinl sea'<on's work of rt3:^ti>riiliun, 

looking West, 

photographed by M. .J. Hevman. 

This view shows the raised floors of the West end repaired during (he first ^i^a^nu'? tirork. 
A brid^ce of boats connects the West side with the bank, enclosing the East end of the BarraiL,'i-, Tor th« 
transport of materials. 
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considered dangerous Colonel Western decided, in prefeience to constructing,' 
deep curtain walls, to spread the foundations out liorizontally, so as to form a 
broad water-tight platform. 

"By an extension of the floor up and down-stream, the points, at which 
water enters the strata under the Barrage floor from the upstream side and 
issues as springs on the down-stream side, are placed so far apart, that the 
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rcsisUmce the water will meet with on this length will be sufficient tu 
deprive it of the force necessary to move sand and carry it away from under 
the work. The springs will issue clear and be harmless. The figures above 
(Fig. 9) explain the action of the springs apd the distance they have \q 
travel". (Willcocks.) — 
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But besides adding to tlie width, it was necessary to give additional 
gecurity to the old work. I'his was to be done by covering tlie existing floor 
with a layer of Portland cement concrete 1.25 metres (4 feet) thick, over 
which was to be laid a heavy pavement of dressed Trieste Ashlar stone under 
the arches and over the down-stream apron, where the action was most severe. 
The floor was to be extended up-stream 25 metres in rubble limestone masonry. 
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Along the up-stream edge of this extension a line of sheet piling, 5 metres 
(16 feet) deep, was to be carried across the whole rivei*. 

This programme was generally carried out, but where special difficulties 
were met with, the new flooring often exceeded 2 metres (6^2 feet) in 
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Preliminary 
season 1886. 



Season 1887. 



thickne.ss. See Fijfures 10 to 12, which show by typical cross sectioim how 
the work was actually executed. The difficulties of the work wen^ nui(*h 
increased by the necessity of using the Barrage to hold up water for irrigation 
all the time work was going on, the strength of the springs to be dealt with 
being thereby greatly increased. Sir Colin compared the operations to mciidinif 
a watch without stopping the works. The working season, moreover, between 
two floods was shoil, and in the most favourable year extended only (mm the 
1^ November to the end of June. More than two months of this period WAii 
expended in forming the ling banks and nearly as much in pumping out the 
enclosure and making other preparations. Only four mouths were left for ai^tual 
work on the floor, which could not generally be begun before the l?l Mamli. 

It has been already stated that in 1886 twenty arches of the W^setta 
Barrage were enclosed and laid dry for the purpose of examining the floor 
in this, tlie worst section of the Barrages, with the view of enabling a final 
decision to be taken as to the general restoration; and that, as a result of the 
examination, the restoration was decided on. Advantage was taken <if this 
opportunity to partially repair the floor under six of the arches. 

As the whole discharge of one branch of the river could not be shut 
off" at a time, it was arranged to spread the work of restoration ovei* four 
seasons, half of one Barrage being taken in hand at a time. 

Sir Colin, in his "Note on the Nile Barrage, 1890", shortly describos 
the four seasons work and the following account is taken almost verbal ini 
from his Note. A more detailed account will be found in Mr. Reid's Reports 
and an abridgment of the late Liemur Bey's Report, published in the 
Irrigation Reports for 1887, 1888, 1880 and 1890. 

Work began in earnest in 1887, when the Western half of the Rt^^etta 
Barrage was undertaken. The first season was the worst of the ftmr. 
Experience of what was to be done was less and appliances more incomplete 
than ui succeeding seasons, and the section of the Barrage taken in hand was 
in much worse condition than any other. 

On the 2"^ December 1886 the enclosing eartli dams were begun: on tlie 
24'^ March 1887 the fii-st stone of the new work was laid. From the latter date 
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work was cairied on day and night, electric light being used during the 
night, while nine powerful steam pumps were constantly at work keeping 
down the water, until, in anticipation of the arrival of the flood, the 
last piece of machinery was removed from the completed floor on the 
1^ July. Before the next morning the rising flood had covered all that had 
been done. 

During the course of the season's work fresh and unlooked for 
difficulties were experienced eveiy day. A serious difficulty arose in connection 
with the Westei'n Lock. It was found that the massive outer wall of the 
Lock rested on foundations, the base of which was 8 feet higher than the 
Barrage floor. To diy the latter, work had to go on below the Lock foundations, 
and these foundations were appallingly bad as described by Mr. R^id in his 
Repoil. It was only with difficulty that the Lock wall was prevented from 
falling over bodily. 

In the Ban*age itself it was found that the floor, as well as the arch 
of one opening, was cracked across diagonally, showing a complete fracture of 
the work, the fissure being 4 inches wide. Strong springs bui-st out daily in fresh 
places, and had to be staunched at an immense expenditure of material. Daily 
Mr. Reid had to face some new trouble and to invent some new expedient, and 
he was always equal to the occasion. The result of the season's work 
was satisfactory, and established confidence in the ultimate success of the 
restoration. 
Season 1888. I^ I^^^ the EasteiTi half of the Damietta Bairage was attacked, and 

the work proved to be easier than that of the preceding season. The earthen 
dams were begun on the 1^ December 1887, and the repaii*s to the floor on 
the f?^ March. The condition of this Ban*agc was much better than that of 
the otherv but it seemed that this was so, only because the work had been 
less tried. There was the same inferior and careless work. The floors of 
some of the arches were quite unfinished, and if the gates had ever been put 
in place and subjected to pressure, the elFect must have been as disastrous 
as in the case of the Rosetta Barrage. By the 20^ June, when this season's 
work came to an end, 41 arches had been put in order. 
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Plate X, 

View of the East end of the Rosetta Barrage during restoration, 

photographed from the up -stream enclosing bank by M* J. Hey man. 

This view shows the old fonn of gates, and the sloping addition to the Ifarri^iftf itmiT added i4> 
seenre tho stability of the Lock walL 
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After the deficient flood of 1888 the river fell fast, and as t-ui ly as s^^^" i«?»- 
Uip 2""^ November the eaiih dams were begun to enclose the Kasterii liulf uf 
the Rosettii Barrage, which still remained to be repaired. This was the 8t.>utiou 
of the Banuge, which had been built on a mass of loose rubble. It wa*< a 
fortunate thing that the dams could be begun so early, as they hai] tu be 
foniuni in water which, over a length of 100 yards, averaged 40 feet in 
depth. Tliis season's work was the easiest and least eventful of all, and was 
eonipleted in good time in June 1889. Plates IX. and X. are photographs 
of this .^e<ison's work,, taken by M. J. Heyman, Photographer, Cairo. 

In November 1889 the last season's work began. It was expected to s«Mon laoo, 
be a very easy one, but proved otherwise. There did not appear to be very 
nmch to do, since, of the 71 arches of the Damietta Bari*age, 41 were already 
liTiished, and it had been resolved to cut off and close the 10 arches toirether 
witli the lock at the West end of the Bairage, as it was found that the 
extra waterway, provided by them, was in excess of what was necessary or even 
desirable. There were only 20 arches then to repair, and the work seemed 
advancing very fast, when suddenly a powerful spring burst out in the half- 
repaired floor, and it was found that a nish of water was finding its way fiom 
the river outside, 230 feet distant, under a portion of the new flooring laid 
in 1RH8. This spring, throwing up mud and sand, soon drowned out the pumps. 
Mr. Reid promptly cut his enclosure banks and flooded the whole area. The 
action of the stream had washed out the treacherous soil below the new 
upstream apron and a considerable portion had settled as much as four feet 
Mr. Reid then threw up new banks, so as to isolate the unsound parts, and, little 
by little, with great precaution and frequent checks, he repaired all the 
mischief. 

On the 16*^ June 1890 he reported that the Barrage below water- 
level was finished. Four season's anxious work was at an end, and 
the Bai'rage was pronounced to be capable of holding up 4 mctre?^ of 
water. The work was then placed under Mr. E. W. P. Foster, \iith M. Liemur 
a.s- resident engineer. It will be pointed out further on what it ha^ 
actual I V done. 



— 52 — 



Cost, The total cost of this restoration for both Barrages was 

LE. 465,000. 

The quantities of masoni-y executed were: — 

Concrete 23,863 cubic metres 



Rubble masonry 


. 54,411 


79 


» 


Ashlar masonry 


. 6,983 


n 


V 


Brick masonry . . 


2,680 


V 


» 


Diy rubble pitching , 


25,460 


w 


Ji 



Total of all sort« 113,397 cubic metres. 



CHAPTER ]y 



Work done by the Barrage, 



Effect on the river level above the Barrage obtained by regulation 
on it before and after its restoration. 

To enable a comparison to be i liable hot ween tlie effect pruduurrl by 
the Barrage before and after its restiH'iiti{>n. it will h;' useful to ^ave tin 
account of the manner in which the Iliura^^t^^ wmv w^whiiM previous to" 1hk4. 
This account is taken from "Egyptian Irri^L^^atioti" (\\ illcucksi, 

"When tlie Nile gauge stood ;it H.L. l'2JyO nirtres, wliit-li ^viieniliy 
happened in March, the Rosetta BaiTJi^-r ^^ates antl needles wen^ qnii-kiy 
lowered to their full extent, beginnini^ at openinir No, 01 (KjlsI end) itnd 
closing at No. 1 (West end). The conseqiieiiee was a liijiid current throiijrb 
the last openings just before they were flossed. It w^as mi one of these 
occasions that the 10 openings from No, o to No. 14 were injured, according 
to the report of the Egyptian foreman on tlir work: The ("k^vurntuent Report 
states that they were injured during tlie Hood.s of 18f>7 owinir to contracted 
waterway. As soon as the gates and needles reached the gratings, they could 
descend no further, and the work of ret,qiln{i<m was at nn end for that year. 
The up-stream gauge rose to R.L. ISah\ metres, while the ilowu-:^troaui ^l^iu^^c 
fpll to R,L, 11.25 metres; so that, ivith a ditterenei^ in water surface of 
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1.75 metres, iliere was a gain in water-level of only half a metre. This w^as 
due to the fact that the Daraietta Barrage was open. Of the water, which 
escaped through the Rosetta Barrage, practically the whole found its way 
through the iron gratings. These gratings, with a head of 1.75 metres, were 
capable of discharging over 20,000,000 cubic metres per day. The river kept 
fallmg through April, May and June, and during the whole of this time the 
Damietta Barrage was open, as well as the gratings of the Rosetta Barrage. 
There was not sufficient water in the Nile to allow of a head of 1.75 metres 
on the latter, and it fell to 1.00 metre. Towards the end of June the up- 
and down-stream gauges roughly indicated 12 metres and 11 metres respectively. 
If the Rosetta Barrage had failed in June, the loss of head in the Delta 
canals would have been 35 centimetres. When the Nile began to rise in 
July and the up-stream gauge read R. L. 13 metres, the gates were 
raised as quickly as possible, the river fell to R.L. 12.50 metres, and was 
allowed to recover as the flood rose. This it generally did in six or eight days." 

Thus, previous to 1884, the maximum head held up by the Rosetta 
Barrage was 1.75, decreasing to 1.00 at the time of lowest Nile, and the 
water-level maintained above the Barrage was at R.L. 13.00, decreasing to 
R. h. 12.00 in June. The Damietta Barrage was always open and held up 
nothing. 

From 1884 to 1886 inclusive, Mr. Willcocks was in charge of the 
Barrage. In 1884, in consequence of additions to the rubble talus and impro- 
vements made in the closing arrangements of both openings and gratings, the 
Rosetta Bandage was made to support a maximum head of 2.21 metres, and 
to maintain an up-stream water-level of R.L. 13.00 almost throughout the 
period of Low Nile. The Damietta Barrage held up a maximum head of 
0.95 metre. 

From 1885 to 1890 inclusive the upstream summer level was kept, 
with but slight variations, at R.L. 13.00, the maximum head on the Rosetta 
Rarra^^o varying from 3.00 metres in 1885 to 3.43 metres in 1890. On the 
Damit^tla Barrage the maximum head varied during this period from 1.7 6 metres 
in I88r> to 3.26 metres in 1890. 



00 

After 1890, the year in which the Harrag^o lustuiBtioii was completed, 
the leve]^ maintained above the Barrage vaiied froiti HAj. I'loO in April and 
May to RJi. 14.00 in July, the maximum head hi4d Uj) at any thne having' 
been 4*07 metres on the Rosetta Barrage and :1.72 un the I.Jauiietta. 

Ta show the results in a convenient form tor c^mparLsoji (he fyl lowing 
table is given: — 











.,_^ 


I'EKIOD 


MAXIMUM 


HEAD 


HELD UF 


I I'S'rRKAM LKVEL 




Rosetta 


1 


Damietta 


in Juno 






1 




R. I. 


Previous to 1884 


1.76 




nil 


I'iJMJ 


1884 to 1886 


3.05 




1.7<> 


I'i.OO tti 13,00 


1887 to 1890 


3.4.3 




3.2ti 


1-i.lH) to 13.00 


1891 to 1895 


4.07 


1 


3.72 


J 3,75 



The up-stream level in June could nv\\\ if de.sired, be kept up to 
R.L. 14,00, except in very low summer Niles, but it is tlioujL^ht bettrT to keep 
the level down, so that cultivators may not be cncoin^agt^d to put under tjsrop 
more Uiau there will be water for at the time nf .shortest supply. The up- 
stream level is, therefore, not brought up to E.L, U.oo until July when the 
demand fur water becomes greatest. 

Tn 1892 the up-stream level in June tril Ut H.L. 13.22, the lowest 
level reached in summer since 1890. This was rmt liecauf^e the Barrage could 
not hold up more, but because there was so smali a discharge in the liver, 
that tile draw of the canals, taking off from above tln' Rarraire. kept the 
water surface up-stream of it down. Tn the an mine!' of IHU2 the Hariitgo 
gates i^^ere caulked with rags to stop leakage and e\ery drup id' wiitei' in the 
hver was turned into the canals. The Barrage tumid ant du tuorL*. 
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Damietta Barrage Springs. 

But the levels, maintained since the Barrage restoration, were not 
obtained without some anxiety being produced. In May 1891, when the 
Damietta Bai^rage was holding up 3.18 metres of water, 7 springs appeared 
along the down -stream edge of the masonry floor opposite bays 20, 21, 22, 
25, 26 and 37; and it was ascertained by experiments that these springs 
arose from water which was passing under the floor from up-stream of the 
Barrage. (It may be noted here that, according to rumour, this portion of the 
Damietta Barrage is founded on tipped stone like the right flank of the 
Rosetta Barrage). A large inlet was discovered in front of bay 29-30. The 
inlet crater wm tilled with sacks of sand and an island of soil formed over it 
up to water-lovel, and the up-stream apron floor was also coveied with soil. 
This weakened but did not stop the springs, as the soil was too light, but 
fuiihtir work had to be postponed till the next season. 

The follow ing system for stopping the leaks was eventually adopted 
by Mr* E. W. P, Foster, late Inspector General of Irrigation in Lower Egypt. 
A trench of tho dimensions given in the accompanying diagram (Fig. 13) was 
cleared of its nibble pitching and porous soil by dredging along the up-stream 
edge of the floor in front of from 3 to 5 bays a a time. This trench was 
then fllleil with stiff clay deposited in layers of half a metre thick, pressed 
down by means of a sledge drawn over it, to form an impervious curtain. Over 
the junction between the clay and the masonry floor a broad clay bank one 
metre high was formed and consolidated to make a tight joint: it was then covered 
with a layei' of sacks filled with concrete and laid close together to protect 
the surface of the clay from erosion by the current. Great care had to be 
taken tliat this joint was properly cleared of loose material before the clay 
was laid on it, and that the concrete in sacks was carefully bedded and 
airanged. To do tliis a diving bell was made use of. Careful soundings made 
in 1H95 over the* whole area of concrete sacks showed that they had not 
been displace il by the flood. 
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In 1892 and 1893 a bank had been made down-stream of the Barrage 
enclosing the springs, so as to decrease the head on them by letting the 
water rise in the enclosed pond, but this precaution was not considered 
neceasai7 in 1894:, as the springs had been almost entirely staunched. 

In 1894 and 1895 three weak springs, throwing perfectly clear water, 
were detected below arches 21 and 26, but it was ascertained that these had 
no dii'ect eommunication under the floor with the upstream side of the Barrage. 

The springs, that were staunched by the formation of the clay apron, 
were in some way connected with the accident that happened during the fourth 
season's work of the Barrage restoration. 



Benefits resulting from the successful completion of the restoration. 



The benefits, that have followed as a consequence of the work done 
to the BaiTage from 1887 to 1890, have been coQsiderable and fully sufficient 
to justify all the expenditure incurred. 

The increase in the cotton crop it is possible to show by figures, 
which, for the years succeeding 1880, have been obtained from the Alexandria 
General Produce Association and may be reUed upon to be as accurate as 
possible. The figures for the years previous to 1881 were given in a list 
published some years ago by the Egyptian Gazette. 

The fitst crop on the record is that of 1820, which produced 944 
kantars: the next year the figure had increased to 35,108 kantars. (A kantar 
is about a hundred-weight.) From 1822 to 1848 the yield varied from 120,000 
to 345j000 kantars. 

In 1849 the jaeld was 364,816 kantars 

1850 „ „ „ 384,439 „ 

1851 „ „ „ 670,129 „ 

The high figure of 1851 was not maintained, but the yield never 
fell again to what it had been before 1851. From 1852 to 1859 the year's 
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yield varied from 460,000 to 540,000 kantars. The few years following 1880 
werw a sucoe^ion of record- beating years: — 

In 1860 the yield was 590,200 kantars 

1861 „ „ „ 721,052 ,. 

1862 „ „ „ 1,181,888 „ 

1863 „ „ „ 1.718,791 ,, 

1864 „ „ „ 2,001,169 „ 

The Barrage was declared to be finished in 1861, and it would seem 
from (he foregoing figures to have had a great effect. But the increase in 
llie cotton cnltivation from 1861 to 1864 was due to tlie high prices obtained 
for Egyptian cotton during the American Civil War, wliicli lasted from April 
1861 to May 1865. It was this which gave such impnlHO to cotton growing 
in Egypt that the crop of 1864 produced almost four times that of any crap 
previous to 1860. But this increase was not kept up to its full extent after 
the war, as the figure fell from 1865 to 1869 to an average of about 
1,300,000 kantars. It rose again, however, to between 2,000,000 and 3,186,000 
kantai*s from 1870 to 1883. 

Previous to 1884 the highest figure reached had been that of 1879, 
viz: 3,186,000. The figures for the years succeeding 1883 were as follow; — 



Year 


KantArs of Cotton 


Nature of Sununer supply 


1884 


3,630,000 


Good 


1885 


2,900,000 


Bad 


1886 


2,983,000 


Mean (wo mis) 


1887 


2,965,000 


Mean (worms) 


1888 


2,720,000 


Bad (very late flood) 


1889 


3.240,000 


liad 


1890 


4,150,000 


Bad 


1891 


4.765,000 


Mean 


1892 


5,220,000 


Bad 


1893 


5,033,000 


Good 


1894 


4.615.000 


Mean (woi-ms) 



II will be noted that, since the Barrage wm restored^ tlie increase is 

8* 
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independent of the nature of the summer water supply: it is more dependent on the 
weather that prevails during the season when the bolls are mature, and upon 
the tendei' mercies of the cotton worm; for, until a storage reservoir has been 
made and more land reclaimed as a consequence, the area planted with cotton 
will not be capable of further extension, except on a small scale. But under 
fas'ourable conditions of water supply and weather, combined with a scarcity of 
cotton worm during the flowering season, a yield of 5 ^'2 million or even 

6 million kantai-s may not improbably be obtained, even without any further 
extension of the area planted. 

Rice cultivation, which is also a summer crop, has increased at the 
same time with the increase of cotton, but reliable figures to show to wliat 
extent are not available. 

The delivcrj^ of the water at a high level, in the canals dependent 
on the Barrage, has caused a large saving in cost of lifting and in coal 
expended for working steam pumps. Even the partial use of the Barrage in 
1884 caused, according to the Railway returns, a falling off of 12,000 tons 
of coal supplied to the six principal towns of Lower Egypt during the first 

7 months of the year, and this in spite of the fact that many steam pumps 
nm cotton stalks as fuel instead of coal. 

Another end gained by making the Barrage efficient was the avoidance 
of the necessity of adopting the alternative costly project of pumping stations, 
which, as has been already shown, would have yearly cost the country 
L. E* 248,500 to work, whereas the yearly expenditure in maintaining and 
working the Barrage is under. L.E. 14,000. 

Again, the raising of the water-level above the Banage, combined 
witli measures to maintain the Rayyah Beherah in an efficient state, which 
have also been a great success, resulted in the Province of Beherah being 
given a better supply by flow than the pumps at Khatatbeh and Atfeh, referred 
to before, could give. So these pumps were no longer required and the 
expense of pumping was therefore economised. From 1886 to 1889 this 
pumping had cost the Govei-nment annually from [^.E. 80.000 to L-E. 90,000, 
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maJe up of a yearly subsidy of L.E, 26,320 and the remainder as payment at 
the mte of fi.E. 42 per million cubic metres of water lifted. 

As far as the fellaheen of Egypt are concerned, the greatest 
advantage gained by raising the water-level at the off-take of the main canals 
has been an enormous deci-ease in the quantity of silt cleai*anee* This decrease 
has permitted of the abolition of the Corvee and made it possible to maintain 
the canals by paid labour working under contractors. The amount expended 
in Lower Egypt on the work formerly done by the Corvee is now under 
L.E. 200.000. For tliis expenditure the necessaiy maintenance works are 
fully executed, canals are remodelled and some new works carried out 
every year. 

The number of unpaid labourers turned out to clear canals and repair 
banks in Lower Egypt (excluding Gizah) in 1883 was equivalent to 106,6 IG 
men, working for 100 days. In 1884 it was 88,299. Taking a man*s labour 
per diem as worth 4 Piastres ( I franc), this labour was worth L* R* 426,46ti 
in 1883 and L.E. 353,196 in 1884. And mereover with these numbers the 
work that was necessary was never completed, and remodelling and new works 
had become out of the question. For not only wore the nominal numbers 
insufficient, but the actual numbers were still more so. In 1885 the Inspectors 
of Irrigation reported that the Corvee would not turn out: and naturally, for 
the koorbash had been abolished, and no inducement had been substituted for 
it. Thus, the koorbash being abolished, it became necessary to substitute 
paid for unpaid labour, and this was only made possible by the economy in 
the maintenance charges of canals effected by the restoration or llie Ikirra^^'c, 

Thei'c is yet more to be said in its favour. The oftfeioncy of the 
new clofitfog a^QSy fixeJ in tlic Barrage, has made it possible to utilise the 
full disehai-ge of the Nile during a Imd aunmer, and t^ tui-n all tlie water 
into the canals foi* irrigation purposes. But, with this^ certain disadvantages 
are connected: the Nile Branches below the Barrage are rendereti imnavigablc, 
and salt water travels up the branches fi*om the Sea. To meet the first 
dii^advantage, some of the principle canals have been made navigable bj the 
construction of locks ; and to meet the second objection, the canals in the 
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North of the Delta have been connected up with those fed from above the 
BaiTag-e, so that irrigation and drinking water is provided by them to those 
viUages and areas, which formerly obtained their supply in summer direct 
from the river. 

The one great objection to the high-level water obtained by regulation 
on the Barrage is the danger of damaging lands by infiltration. This has 
actually taken place in some situations. The remedy appears to be a more 
complete system of drains and a more plentiful supply for washing the lands. 
Money is required both to dig the channels which will improve the drainage, 
anil to make a storage reservoir which will give in summer the increased 
supply of water required for washing the salt out of the lands. 

There is one other objection urged to the Barrage, but it is a fanciful 
one. It is accused of creating a stagnant pool above it, which is said to be 
injurious to the health of the dwellers in Cairo. This accusation has been 
made chiefly on the authority of one or two misinform^ medical men, 
who adopt the popt hoc propter hoc system of reasoning. Through what 
is loosely termed a **stagnant" pool the whole Nile flows past Cairo in a 
channol of no great dimensions. The minimum discharge of the Nile in 
summer may be taken to be 30 million cubic metres a day, or 347 cubic 
metres a second. To call a channel of 2700 square metres, through which 
such a discharge passes, a stagnant pool, is to employ a misnomer, and to 
consider that the reduction in the velocity of the flood, due to a holding up 
at the Barrage, is a cause of serious danger to the health of Caii'o is to 
show a want of appreciation of th general sanitary condition of the capital of 
Kgypt< If the inhabitants can live in the atmosphere and under the conditions 
that all but a favoured few do in Caii*o, they are not likely to be aifected by 
the fact that, instead of the river flowing past the town at the mean rate of 
14 kilometres a day, it flows at the rate of 11 kilometres a day, the former 
rate being the mean velocity at lowest Nile with the Barrage open and the 
latter with it closed. The calculation of these velocities is made from a cross 
aoclion of the river taken just South of Gezireh Palace. 

It will be seen from the foregoing paragraphs that the results obtained 
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from the Barrage, where capable of being expressed in figures, are expressed 
in big ones. The original conception of such a work, to whomever it may 
belong, was a grand one. It was to the haste, with which the work was 
urged along, that the early failure must be charged. 

It was further a bold thing, after the condemiiation of the Barrage 
"ipaa almost unanimously pronounced, to attempt its restoration, Tho warnings 
of the cautious would have had it left alone to be a monument of confessed 
failure, and a witness, so long as it should stand, of the impotence of tlie 
present age within full view of the enduring Pyramids of a more robust past. 
But the Barrage fell into the hands of men, whose ex|j<^ric!icc taught them 
to be bold without being rash, and who, having contiilence in themselves, 
ventured what more timid men would not, in order tliat the eountiy might 
win much by their successful daring, and the standing reproach of a useless 
Barrage be taken away from the builders of this century. 



^ CHAPTER V. 

Proposed operations for further security 
of Barrage foundations. 



A perusal of the foregoing Chapters will probably leave the reader 
with the impression that, though the Barrage now performs its duty, it does 
so in spite of the fact that its present floor and foundations rest on a treache- 
rous subsoil and that they are formed of patchwork, the subsequent additions 
to the original structure having been formed about an unsound nucleus, the 
radical defects of which necessitated those additions, so that the resulting work 
of to - day has little that is homogeneous about it. The three springs down- 
stream of the Damietta Barrage floor, which are still yearly detected, as well 
as an old spring opposite arch N^ 5 of the Rosetta Barrage, which was looked 
for and found in 1896, though not^of a nature to cause anxiety, still show 
that there are some imperfections in the foundations or in the soil below the 
foundations on which the Barrages rest Warnings have also been uttered 
from time to time, among them one by Sir C. Scott Moncrieff himself, pointing 
out that, though off the sick list, the Barrage is still of delicate constitution 
and must be handled with unceasing care and watchfulness. 

A just appreciation of the immense importance of the Barrage to 
Lower Egypt, and a knowledge of the defective condition of the old foundations 
that lie under and within the later additions, create a feeling of uneasiness and 
apprehension in the minds of those who are responsible for the safe-keeping of 
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the work. Hence any proposals tending to remove the causes of this uneasiness 
are welcomed, though in the opinion of some it is better to leave well alone. 
On this principle of leaving well alone no work with the view of strengthening 
the foundations was undertaken in 1895 and 1896, but the springs were 
merely w^atched and the floors examined. 

But in the spring of 1896 Mr. W. R. Kinipple M. I, C, E. came 
to Egypt to advise the Egyptian Government on the question of applying 
his system of ^Stock-ramming'' to two locks on the Ismailiyah Canal, which 
had shown failure of foundations. Advantage was taken of his presence in 
Egypt to consult him as to the practability of applying his system to the 
Barrage, 90 as to make it sufficiently secure to remove all doubts as to its 
permanent stability. His report was encouraging. 

After Mr. Kinipple had been asked to give his advice, some slight 
hair-cracks appeared in Arches N^^ 7 and 8 of the Rosetta Barrage, but after 
their first appearance they did not enlarge. No doubt the appearance of these 
cracks removed any hesitation that might have been felt as to the desirability of 
adopting Mr. Kinipple's system as a means of making the foundations of the 
Barrage secure. 

It has, therefore, been decided to commence work after the flood of 
1896 on 11 arches of both Barrages opposite, the springs which are know^a 
to exist. If the springs are thereby stopped and the operations are otherwise 
satisfactorj^ and successful, the rest of the two Barra^res will be similarly 
treated in subsequent years. The Government has been fortunate enough to 
secure the services of Mr. Kinipple himself for superintending the first season's 
experimental work. 

The system consists in forcing plastic clay under pressure down holes 
bored through the masonry and floor, the pressure causing the clay to (spread 
itself out under the floor and foundations and to displace the shifting sand 
it meetrf with, or render it so compact as to make it capable of resisting 
without leaks the maximum water pressure desired. 

In the case of the Barrage, three vertical holes, situated 3 \/2 meti-es 
apart on the longitudinal axis of each pier, will be bored down to the underside 

9 
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of the lowest layer of the foundations. These holes will then be lined with 
iron tubes, and the clay, formed into pellets, will be passed down them and be 
subjected to pressure. 

It is hoped that the clay from adjacent piers will meet under the 
flooring.' between the piers and there unite, to as to form a continuous water- 
tight curtain wall under the centre of the Barrage. But at present such work 
belongs to the future history of the Barrage and any further account of it 
may tlierefore be left to the future. 

CAIRO, 24 July 1896. 
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